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The purpose of this study was to compare the size and clearness of gross tumor volumes (GTVs) of meta- 
static brain tumors on Tl -weighted magnetic resonance images between a single dose contrast administra- 
tion protocol and a double dose contrast administration protocol to determine the optimum dose of contrast- 
enhancement for clear delineation of GTV in stereotactic radiotherapy (SRT). A total of 28 small metastatic 
brain tumors were evaluated in 13 patients by intra-individual comparison of GTV measurements using 
single dose and double dose contrast-enhanced thin-slice (1-mm) magnetic resonance imaging (MRI). All 
patients had confirmed histological types of primary tumors and had undergone hypo-fractionated SRT for 
metastatic brain tumors. The mean tumor diameter with single dose and double dose contrast-enhancement 
was 12. 0± 1.1 mm and 13. 2± 1.1 mm respectively (P<0.001). The mean incremental ratio (MIR) obtained 
by comparing mean tumor diameters was 11.2 ±0.02 %. The mean volume of GTV-1 (single dose contrast- 
enhancement) and GTV-2 (double dose contrast-enhancement) was 1.38 ±0.41 ml and 1.59 ±0.45 ml re- 
spectively (P<0.01). The MIR by comparing mean tumor volumes was 32.3 ±0.4 %. The MIR of GTV-1 
with< 1ml volume and GTV-1 with> 1ml volume was 41.8±0.05 % and 12.4±0.03 % respectively (P< 
0.001). We conclude that double dose contrast-enhanced thin-slice MRI is a more useful technique than 
single dose contrast-enhanced thin-slice MRI, especially for clear delineation of GTVs of small metastatic 
brain tumors in treatment planning of highly precise SRT. 
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INTRODUCTION 

Metastatic brain tumors are the most common types of 
intracranial tumors. The exact incidence is unknown. The 
incidence of brain metastasis is increasing, seriously 
impacting patients' survival and quality of life. This results 
in a burden to nations and alarming for effective treatment 
approaches [1-3]. Despite considerable improvement of 
local control of tumors due to recent advances in radiation 
therapy, the survival of patients with metastatic brain 



tumors remains relatively low with a median survival of 6- 
12 months, although better local control improves quality 
of life in some cases [3-6]. 

Stereotactic radio-surgery (SRS) and hypo-fractionated 
stereotactic radiotherapy (SRT) are very safe and effective 
treatment modalities for metastatic brain tumors. SRT has 
high accuracy in delivery of homogenous high-dose radiation, 
which is selective to tumor tissue and has a low risk of 
damage to normal tissue. SRT is widely used in Japan and 
many other developed countries because of better therapeutic 
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results [7-10]. Recent developments in contrast-enhanced 
magnetic resonance imaging (MRI) technique have proved 
very useful in detecting even small brain lesions. Due to its 
higher sensitivity, MRI has become the modality of choice 
for detection and delineation of brain tumors. 
Contrast-enhanced MRI is superior to non-enhanced MRI and 
conventional-dose contrast-enhanced computed tomography 
(CT) [11—15]. However, there are few reports on the useful- 
ness of double-dose contrast-enhanced MRI in the diagnostic 
field [11, 12, 16]. To our knowledge, neither any documented 
data nor research work has yet been reported using this tech- 
nique for delineation of gross tumor volumes (GTVs) in the 
field of radiation therapy. GTV is defined as volume of tumor 
on a Tl -weighted contrast-enhanced magnetic resonance 
(MR) image. 

The aim of our study was to compare the size and clear- 
ness of GTV of metastatic brain tumors on Tl-weighted 
MR images between a single dose contrast administration 
protocol and a double dose contrast administration protocol 
in order to determine the optimum dose of 
contrast-enhancement for clear delineation of GTV in SRT. 
Our hypothesis is that double dose contrast-enhanced MRI 
may be a more useful technique than single dose 
contrast-enhanced MRI, and may decrease the risk of in- 
accurate delineation of GTVs of metastatic brain tumors in 
the treatment planning of highly precise SRT. 

MATERIALS AND METHODS 

Study design and subjects of study 

The study design was based on comparison of size and 
clearness of GTV on single dose and double dose 
contrast-enhanced Tl-weighted MR images of metastatic 
brain tumors within the same individuals. A total of 28 
small metastatic brain tumors in 13 patients were included 
for evaluation. All patients had confirmed histological 
types of primary tumors (Table 1). All patients had under- 
gone hypo-fractionated SRT for metastatic brain tumors 
between November 2006 and April 2011 at our hospitals of 
Saitama Medical Center, Saitama Medical University and 
Gunma University. The study was conducted in accordance 
with the Helsinki Declaration. Informed consent was 
obtained from all patients. 

MRI protocol for imaging of lesions 

MRI was used for the evaluation of GTVs of small meta- 
static brain tumors before SRT. Gadoteridol (ProHance®) 
was used as a contrast medium to enhance metastatic brain 
tumors in a contrast-enhanced MRI technique. MR images 
for GTV evaluation before SRT were obtained on a 1.5-T 
MRI unit (VISART/Progress, Toshiba Medical, Japan) and 
a 3-T MRI unit (Magnetom Trio A Tim, Siemens, 
Germany). The single dose contrast-enhancement (GTV-1) 
protocol utilized a dose of gadoteridol (0.1 mmol/kg) 



injected intravenously. Tl-weighted axial images were 
obtained three minutes after injection by the fast-spin echo 
method with 1-mm slice thickness of MR image without a 
gap. For the double dose contrast-enhancement (GTV-2) 
protocol a second identical dose of gadoteridol was admi- 
nistered intravenously. Following administration of the 
second contrast dose, identical Tl-weighted images were 
acquired in the same planes, angulations and positions. No 
adverse effect of contrast medium was observed. 



Image analysis and GTV delineation 

The Tl-weighted MR images obtained from each patient 
following both the single dose and the double dose 
contrast-enhanced protocols were transferred to the online 
SRT treatment planning system (iPlan, Brain LAB). This 
planning system automatically reconstructs the volumetric 
images of metastatic brain tumors. These images were deli- 
neated by experienced radiation oncologists who were blind 
to the information of contrast medium and dose administra- 
tion. All images were manually outlined slice by slice, and 
carefully analyzed in descriptive terms including diameters, 
volumes, enhancement of lesions and clearness of contour 
delineation. GTV measurement consisted of enhanced gross 
tumor tissue, and clinical target volume (CTV) consisted of 
GTV with an additional margin of about 2 mm. GTV was 
determined on Tl-weighted contrast-enhanced MR images 
obtained following single dose and double dose contrast 
administration. 



Statistical analysis 

Data were analyzed using Microsoft Office Excel 2007 and 
commercial statistical software (GraphPad Prism, version 
5.0 for Windows, GraphPad Prism Software, San Diego, 
CA, USA). A two-tailed paired T-test was used to evaluate 
statistical significance of differences between tumor 
measurements (diameter and GTV) obtained following 
single dose and double dose contrast-enhancement. A non- 
parametric Mann Whitney (two-tailed) test was also used to 
compare MIR between GTV-1 with < lml volume and 
GTV-1 with > lml volume. MIR, or mean incremental 
ratio, is defined as the mean ratio of additional increase of 
mean tumor measurement (as a %) obtained after double- 
dose contrast-enhanced MRI in relation to those measure- 
ments obtained after single dose contrast-enhanced MRI. 
MIR was calculated using the equation: 

MK ^c^™ )xl00[%] 

A P value < 0.05 was considered to be significant. Data 
were expressed as mean ± standard error. 
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RESULTS 

Characteristics of patients and lesions 

Characteristics of patients and lesions are shown in Table 1 . 
Of the 13 patients, nine were male and four female. Age 
ranged from 45 to 66 years old with a median of 56 years 
old. Eleven patients had lung cancer, one had breast cancer 
and one had ovarian cancer. By histology, 12 patients had 
adenocarcinoma and one patient had squamous cell carcin- 
oma. Lung cancer was the primary site for 85.7% of meta- 
static brain tumors. By histology, 96.4% of lesions were 
adenocarcinomas. According to the location of metastatic 
brain tumors, 28.5% of lesions were in the parietal lobe, 
21.4% of lesions in the temporal lobe, 21.4% of lesions in 
the frontal lobe, 10.7% of lesions in the occipital lobe and 
10.7% of lesions in the cerebellum. Some (7.3%) of lesions 
were in the thalamus and corpus callosum as well. 

Measurements and evaluation of lesions 

Diameters of metastatic brain tumors obtained by single- 
dose contrast-enhanced MRI ranged from 4.0-28.0 mm 
with a mean of 12.0 ± 1.1 mm, and those by double dose 
contrast-enhanced MRI ranged from 4.4-29.0 mm with a 
mean of 13.2 ± 1.1 mm (P< 0.001). The MIR by compar- 
ing mean tumor diameters was 11.2 ±0.02 %. Such a small 



Table 1. Characteristics of patients and lesions: 



Characteristics 


No. of 
Patients (%) a 


Lesions 
No. (%) 


MIR 

(%) 


Total 


13 


28 


32.3 


Male 


9 (69.2) 


19 (67.8) 




Female 


4 (30.8) 


9 (32.2) 




Primary lesions: 








Lung Cancer 


11 (84.6) 


24 (85.7) 


35 


Breast cancer 


1 (7.7) 


3 (10.7) 


19.7 


Ovarian Cancer 


1 (7.7) 


1 (3.6) 


5.7 


Histology type: 








Adenocarcinoma 


12 (92.3) 


27 (96.4) 


33.3 


Sq. cell carcinoma 


1 (7.7) 


1 (3.6) 


6.9 


Classification 1 ": 








Group 1 ( < 1 ml) 


19 (67.8) 


41.8 




Group 2(1-3 ml) 


6 (21.4) 


12.6 




Group 3 ( > 3 ml) 


3 (10.7) 


12.0 




(Lesions with > 1 ml) 


9 (32.1) 


12.4 





a Patient's age ranged from 45 to 66 years with a mean of 56 
years. 

b Based on a single dose contrast-enhanced volume. MIR = 
mean incremental ratio. Sq. = squamous. 



incremental ratio may not be valuable in the clinical prac- 
tice of SRT planning. The mean of GTV-1 was 1.38 ± 
0.41 ml, and the mean of GTV-2 was 1.59 ±0.45 ml (P < 
0.01). The MIR obtained by comparing the mean of 
GTV-1 and GTV-2 was 32.3 ±0.4 %, which is valuable 
and useful in the clinical practice of SRT planning. GTV-2 
was more clearly visualized and prominently larger than 
GTV-1 in all cases (Fig. 1A and Fig. 2). 

It was also observed that 21.4% of lesions demonstrated 
more than 50% increment (MIR = 66.9 ± 6.0 %) in volume, 
32.1% of lesions showed 25-50 % increment (MIR = 34.4 ± 
2.6 %) in volume and 46.4% of lesions showed less 
than 25% increment (MIR= 14.9 ± 2.2 %) in volume. Based 
on tumor volumes obtained by a single dose 
contrast-enhancement, we classified lesions in three groups 
as shown in Table 1. By this classification, 67.8% of lesions 
with < 1 ml volume were classified in group 1 with MIR of 
41.8 ±0.05 %; 21.4% of lesions with 1-3 ml volume were 
classified in group 2 with MIR of 12.6 ±3.4 %; 10.7 % of 
lesions with > 3 ml volume were classified in group 3 with 
MIR of 12.0 ±5.7 %. Similarly, 32.1% of lesions with> 1 
ml volume showed MIR of 12.4 ±0.03%. Lesions with <1 
ml volume were more clearly visualized with prominently 
larger volume and significantly greater MIR than those with 
> 1 ml volume (P< 0.001) as shown in Fig. IB and Fig. 2. 
This is an important result of the present study, which may 
be useful for SRT planning, especially for small metastatic 
brain tumors with <1 ml volume in size. 

DISCUSSION 

Metastatic brain tumors may originate from any primary 
site. The most common sites of origin for metastatic brain 

A B 




GTV-1 GTV-2 GTV-K1ml >1ml 



Figure 1: Comparison of mean gross tumor volumes (GTVs) 
and mean incremental ratio (MIR) of metastatic brain tumors. (A) 
Mean volume of GTV-2 (double dose contrast-enhancement) is 
demonstrated to be prominently larger than GTV-1 (single dose 
contrast-enhancement). (B) MIR of GTV-1 with< 1 ml volume is 
demonstrated to be prominently greater than GTV-1 with> 1 ml 
volume. Error bar represents standard error. 
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Figure 2: Comparison of MR images of metastatic brain tumors 
between single dose and double dose contrast-enhancement. 
Tl -weighted MR images (B) and (D) (double dose 
contrast-enhancement) demonstrate clearer visualization with 
prominently larger volume, better enhancement and clearer margin 
than (A) and (C) (single dose contrast-enhancement) images. 
Enhanced tumors are shown by white arrows. 

tumors are lung, breast, colon and rectum [1]. In our study, 
the majority (85.7%) of metastatic brain tumors originated 
from lung cancer (Table 1), and the parietal lobe was the 
most common site of metastasis. The majority (67.8%) of 
lesions were< 1 ml in volume (Table 1) and had an irregu- 
lar shape. Assessment of these small lesions by comparing 
GTV demonstrated a significant difference between single- 
dose and double dose contrast-enhanced MRI (Fig. 1A). 

Accurate delineation of GTV is essential in proper dose 
planning for successful SRT Accurate GTV delineation 
depends on use of higher doses of contrast medium (as 
demonstrated in this study), as well as thinner image slices 
through the tumor and accurate positioning of the fixation 
device attached to the linear accelerator [17-19]. Assessment 
of tumor targeting with accurate delineation of GTV is a 
very challenging task because the majority of metastatic 
brain tumors occur by hematogenous spread of cancer cells, 
which proliferate and extend to the surrounding brain tissue 
irregularly by a neovascularization process. The most import- 
ant and difficult factor is that presently no imaging modality 
can detect a total entire extension of tumor with surrounding 
microscopic spread. Although the optimum dose of contrast 
medium for contrast-enhanced MRI in the treatment planning 
of SRT has not yet been determined, in the conventional 
method of GTV delineation for SRT a single dose of con- 
trast medium for MRI is used to enhance metastatic brain 



tumors. In our study, we used both a single dose and double 
dose contrast-enhanced MRI to determine the optimum dose 
of contrast-enhancement. The present study clearly demon- 
strates that double dose contrast-enhanced MRI is a more 
useful technique than single dose contrast-enhanced MRI for 
clear delineation of GTV in SRT. 

The paramagnetic contrast medium does not penetrate 
the intact blood-brain barrier (BBB). Hence, contrast 
medium is not accumulated in normal brain tissue with a 
normal BBB, whereas neoplastic lesions with disruption of 
the BBB, or abnormal vascularity, allow accumulation of 
contrast medium. Single dose contrast-enhancement may 
not precisely encompass the total area of tumor tissue and 
lesions may appear smaller than actual size with some hazy 
and punctate patterns of enhancement. This may cause an 
inaccurate GTV delineation, which may lead to inappropri- 
ate treatment dose planning to the targeted tumor in SRT. 
However with double dose contrast-enhancement the 
amount of contrast medium encompasses a wider area, 
which permits a clearer visualization of the BBB break- 
down area including the surrounding area of tumor infiltra- 
tion. In this study, GTV-2 were larger with clearer margins 
and better enhancement than GTV-1 (Fig. 2). Lesions < 1 
ml in volume were more clearly visualized with a promin- 
ently larger volume and significantly greater MIR than 
lesions > 1 ml in volume (Fig. IB and Fig. 2). This may fa- 
cilitate a clearer delineation of GTV, especially of small 
metastatic brain tumors for appropriate treatment dose 
planning in SRT (Fig. 3). 

Engelhorn et al. showed the accuracy of double dose 
contrast-enhanced MRI and contrast-enhanced CT techni- 
ques in vivo in a rat model with malignant glioma. A good 
correlation was observed between double dose 
contrast-enhanced MRI and micro-CT-derived tumor 
volumes with histology [20]. To our knowledge a similar 
study of human patients undergoing clinical radiotherapy 
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Figure 3: Comparison of dose distribution of SRT on gross tumor 
volume (GTV) of metastatic brain tumors. Tl -weighted MR images 
demonstrate that GTV-2 (double dose contrast-enhancement) in 
image (B) is clearer and larger than GTV-1 (single dose contrast- 
enhancement) in image (A). The dose distribution planning of SRT 
made by GTV-1 delineation is not enough to encompass GTV-2 
more precisely. Dose distribution planning is shown by white 
arrows. 
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has not been previously reported. Engelhorn's study sup- 
ports the finding that the GTV of metastatic brain tumors 
with double dose contrast-enhanced MRI is larger and 
more clearly visualized than that with single dose 
contrast-enhanced MRI. 

There were some limitations in our study. First, we were 
unable to obtain a large number of patients or lesions in the 
limited period of our prospective study. Second, a repeat 
MRI with an additional dose of contrast medium was not 
performed in all patients considered for inclusion in our 
study. However, the data of our study was statistically sig- 
nificant in demonstrating the usefulness of the double dose 
contrast-enhanced MRI technique in clear delineation of 
GTVs for SRT of metastatic brain tumors. 

CONCLUSION 

Our study demonstrates the usefulness of a double dose 
contrast-enhanced MRI protocol compared to a similar 
single dose contrast-enhanced MRI protocol, especially for 
clear delineation of GTVs of small metastatic brain tumors. 
This may be used as a clinically valid and useful technique 
in highly precise SRT expecting more clinical applications 
in future. 
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